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THE PYRIN GENE AND MUTANTS THEREOF, WHICH CAUSE FAMILIAL MEDITERRANEAN FEVER

5 Field of the Invention

This invention relates to a novel genomic DNA sequence (MEFV) encoding a

protein (pyrin) associated with familial Mediterranean fever (FMF). More

specifically, the invention relates to the isolation and characterization ofMEFV, and

the correlation of mutations in MEFV with FMF disease.

Background ofthe Invention

Familial Mediterranean Fever (FMF) is a recessively inherited disorder

characterized by dramatic episodes of fever, serosal inflammation and abdominal

pain. This inflammatory disorder is episodic, with self-limited bouts of fever

15 accompanied by unexplained arthritis, sterile peritonitis, pleurisy and/or skin rash.

Patients often develop progressive systemic amyloidosis from the deposition of the

acute phase reactant serum amyloid A (SAA). In some patients, progressive systemic

amyloidosis can lead to kidney failure and death. The factors which incite an

episode are unclear.

20 FMF is observed primarily in individuals of non-Ashkenazi Jewish,

Armenian, Arab and Turkish background. Although rare in the United States,

incidence ofFMF in Middle Eastern populations can be as high as 1 :7 in Armenian

populations and 1 :5 in non-Ashkenazi Jewish populations.

25 leukocytes (PMNs) into the affected anatomic compartment. At the biochemical

level, patients have been reported to have abnormal levels of C5a inhibitor (Matzner

and Brzezinski,
uC5a-inhibitor deficiency in peritoneal fluids from patients with

familial Mediterranean fever" N. Engl. J. Med. , 3 1 1 :287-290 (1984)), neutrophil-

stimulatory dihydroxy fatty acids (Aisen et al, "Circulating hydroxy fatty acids in

30 familial Mediterranean fever," Proc. Natl. Acad. Sci. USA, 2:1232-1236 (1985)),

and dopamine p-hydroxylase (Barakat et al, "Plasma dopamine beta-hyroxylase:

rapid diagnostic test for recurrent hereditary polyserositis," Lancet , 2:1280-1283

(1988)). Although linkage studies have placed the gene causing FMF (designated

Background of the Invention
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FMF attacks are characterized by a massive influx ofpolymorphonuclear
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MEFV) on chromosome 16p (Pras et aL, "Mapping of a gene causing familial

Mediterranean fever to the short arm of chromosome 16," N. EngL J. Med. ,

326:1509-1513 (1992); Shohat et aL, "The gene for familial Mediterranean fever in

both Armenians and non-Ashkenazi Jews is linked to the cc-globin complex on 16p:

5 evidence for locus homogeneity," Am. J, Hum, Genet. , 51:1 349- 1 354 (1 992); Pras et

al, "The gene causing familial Mediterranean fever maps to the short arm of

chromosome 16 in Druze and Moslem Arab families," Hum. Genet. , 94:576-

577(1994); French FMF Consortium, "Localization ofthe familial Mediterranean

fever gene (FMF) to a 250 kb-interval in non-Ashkenazi Jewish founder

10 haplotypes," Am. J. Hum. Genet. , 59:603-612(1996)), the genetic basis ofFMF has

not previously been identified.

Current treatment regimens for FMF include daily oral administration of

colchicine. Although colchicine has been shown to cause near complete remission

in about 75% ofFMF patients and prevent amyloidosis, colchicine is not effective in

15 all patients. Therefore, there is a need for new treatments for colchicine-resistant

patients.

Additionally, there is a need for an accurate diagnostic test for FMF.

Patients having FMF in countries where the disease is less prevalent often

experience years of attacks and several exploratory surgeries before the correct

20 diagnosis is made.

{SEQ ID NO: 1], shown inlFigure 1, encoding the protein pyrin which is associated

25 with familial Mediterranean lever (FMF). The corresponding cDNA sequence (v75-

1) [SEQ ID NO: 2] and encoded amino acid sequence [SEQ ID NO: 3J are shown

in Figure 2. The invention is also directed towards fragments of the DNA sequence

that are useful, for example, alhybridization probes for diagnostic assays or

oligonucleotides for PCR primmig. Additionally, the invention is directed towards

30 the corresponding sequence for the RNA transcript and fragments thereof.

Another aspect ofthe invention provides the amino acid sequence for a

protein associated with FMF. This protein is called pyrin, to connote its relationship

Summary of the Invention

The invention provides a novel genomic nucleic acid sequence (MEFV)
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to fever. The invention is directed towards both the full length amino acid sequence,

fusion proteins containing the amino acid sequence and fragments thereof. These

proteins are useful, for example, as antigens to produce specific anti-pyrin

antibodies to be used as agents in diagnostic assays. Alternatively, the protein may

be used in therapeutic compositions.

Mutations in pyrin result in FMF. Therefore, the invention is also directed

C
D 9^Swards mutants of thd nucleic acid and amino acid sequences associated with FMF.

In particular, the invention discloses three missense mutations, clustered in within

about 40 to 50 amino acids, in the highly conserved rfp (B30.2) domain [SEQ ID

10 NO: 51 at the C~terminil of the protein. These mutants include M680I, M694V,

K695R and V726A, each ofwhich is associated with FMF.

Additionally, the invention includes methods for diagnosing a patient at risk

for having FMF using the nucleic acid and/or amino acid sequences of the invention.

Such methods include, for example, hybridization techniques using nucleic acid

15 sequences, PCR-amplification ofMEFV, and immunoassays using anti-pyrin

antibodies to identify mutations is MEFVox pyrin which are indicative ofFMF.

^^Brief Description of the Figures

Figure 1 shows the genomic nucleic acid sequence for the gene associated with

20 FMF;

Figure 2 shows a cDNA sequence and deduced amino acid sequence corresponding

to the gene associated with FMF;

Figure 3 is a schematic representation ofMEFV on chromosome 16pl3.3;

Figure 4 show the expression profile ofV75-T

;

25 Figure 5 shows the DNA sequences of the M6801, M694V and V726A mutants; and

Figure 6 shows the alignment of multiple protein sequences with the C-terminal end

ofhuman pyrin.

Detailed Description of the Invention

30 The invention relates to the nucleic acid sequence encoding a protein

associated with familial Mediterranean fever (FMF). The genomic DNA sequence is

RECTIFIED SHEET (RULE 91)
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designated MEFV. The corresponding cDNA sequence is designated as v75~l. The

encoded protein is called pyrin, to connote its relationship to fever. The inventors

have also discovered mutations in MEFV which are associated with FMF.

It is believed that pyrin is a nuclear factor that controls the inflammatory

5 response in differentiated polymorphonuclear leukocytes (PMNs). In particular,

pyrin is believed to be a negative autoregulatory molecule in PMNs. Knowledge of

the genetic basis ofFMF enables the production of diagnostic assays for FMF and

treatments for FMF and other inflammatory diseases which are characterized by

accumulation ofPMNs, for example, acute infectious disease such as those caused

10 by bacterial infection (e.g,, Pneumococcal pneumonia), autoimmune diseases such

as Sweets Syndrome or Behcet's disease, chronic arthritis, and the like.

The Nucleic Acid Sequence (MEFV)

The inventors have discovered the nucleic acid sequence for the gene

15 associated with FMF. The nucleic acid sequence is found on chromosome 16p.

Specifically, MEFV is located at 16pl3*3 between the polycystic kidney disease gene

(PKD1) and the tuberous sclerosis gene (TSC2) on the telomeric end, and the

CREB-binding protein gene (CREBBP) on the centromeric end (see Figure 3).

The genomic DNA sequence encoding pyrin (MEFV) [SEQ ID NO: 1] is

shown in Figure 1 . The Wart methionine and stop codon are boxed, while the exons

are underlined. The cDMA sequence (v75-l) [SEQ ID NO: 2] is shown in Figure 2.

In Figure 2, the initial methionine and Kozak consensus sequences are underlined.

The first boxed segment is a bZIP transcription factor basic domain. The second

boxed segment is a Robbiks/Dingwall consensus nuclear targeting signal. The

25 segment indicated by +'s is a potential B—box zinc finger domain. The double-

boxed region encloses a sequence which encodes a rfp, or B30.2, domain [SEQ ID

NO: 4]. Within the double boxed region (the rfp or B30,2 domain), the nucleic

acids encoding three FMF-associated mutations are double-underlined. Sites of

synonymous single nucleotid^polymorphisms are represented by the cents symbol

30 "0" above the sequence.

Although there is an excellent Kozak consensus sequence (Kozak,

"Interpreting cDNA sequences: some insights from studies on translation," Mamm.

RECTIFIED SHEET (RULE 91)
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Genome , 7:563-574 (1996)) at the initial methionine (accATGG), the reading frame

remains open in the cDNA upstream. Because there are no splice-acceptor

consensus sequences or in-frame methionines with good Kozak sequences before the

first stop upstream in the genomic DNA, the initial methionine remains the most

5 likely starting methionine.

The RNA Transcript

The estimated transcript size from the nucleic acid sequence shown in Figure

2 is about 3503 nucleotides. The transcript size determined by Northern blotting is

10 3.7 kb* (See Example 4). The fact that the transcript size estimated from the

sequence shown in Figure 2 approximates the size of the transcript found in

experimental procedures further indicates that the sequence shown in Figure 2 is the

full-length cDNA sequence.

15 The Encoded Protein

The inventors have also discovered the amino acid sequence for the protein

associated with FMF (pyrin). Pyrin is predicted to be 781 amino acids in length and

very positively charged. The pi is predicted to be greater than 8 (pi > 8), in part due

to the fact that lysine and arginine residues make up 13% of the amino acid

20 composition.

factor basic domain. The boxed segment from amino acid 420 to 437 is a

Robbins/Dingwall consensus nuclear targeting signal. The segment indicated by +'s

25 between residues 375 and 407 is a potential B-box zinc finger domain. The region

double-boxed from residue 577 to 757 Ma rfp, or B30.2, domain [SEQ ID NO: 5].

The rfp (B30.2) domain is conserved (secjbence identity 40 - 60%) in molecules as

diverse as butyrophilin (a milk protein with probable receptor function; Jack and

Mather, "Cloning and molecular analysis ofcDNA encoding bovine butyrophilin, an

30 apical glycoprotein expressed in mammary tissue and secreted in association with

\
the milk-fat globule membrane during lactatibn " J, Biol. Chem. , 265:14481-14486

(1990)), A3 3 (a factor that binds polytene chromosomes in the newt; Bellini et al.,

The predicted amino acid sebuence for pyrin [SEQ ID NO: 3] is shown in

Figure 2. The boxed segment from amino acid 266 to 280 is a bZIP transcription
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"A putative zinc-binding protein on lampbrush chromosome loops," EMBQ J. .

12:107-1 14 (1993)), and xnf7 (a factor that binds mitotic chromosomes in the frog;

Reddy et at, "The cloning and characterization of a maternally expressed novel zinc

finger nuclear phosphoprotein (xnf7) in Xenopus laevis," Dev. Biol. . 148: 1 07—1 16

5 (1991)) and, by an analysis with the SEG algorithm (Wootton, "Non-globular

domains in protein sequences: automated segmentation using complexity measures,"

Comput Cherau 18:269-285 (1994)) ? most likely assumes a globular conformation.

Within the double boxed region (the rfp or B30.2 domain), three of the amino acids

that have been found mutated in FMF patients are double-underlined.

10 Positions of secondary structural elements were predicted by the profile

neural network method PHDsec (Rost and Sander, "Prediction of protein secondary

structure at better than 70% accuracy," J. MoL Biol. , 232:584-599 (1993); Rost and

Sander, "Combining evolutionary information and neural networks to predict protein

secondary structure." Proteins . 19:55-72 (1994)). The secondary structural elements

1 5 in wild type pyrin (all p-sheets) as are shown as bold, horizontal arrows in Figure 6.

Expression

Pyrin is predominantly expressed in mature granulocytes and/or serosal cells.

As shown in the Northern blots in Figure 4, high levels ofpyrin are expressed in

20 peripheral blood leukocytes (granulocytes), but not in lymph nodes, bone marrow,

monocytes, lymphocytes, spleen or thymus (See Figure 4). Because granulocytes

accumulate in tissues experiencing inflammation during a FMF episode, expression

of pyrin in granulocytes is consistent with the clinical phenotype for FMF.

The restriction of pyrin to granulocytes, its apparent localization in the

25 nucleus, and the phenotype associated with mutations tends to indicate that pyrin is a

nuclear factor that controls the inflammatory response in differentiated PMNs.

Additionally, the inventors found that pyrin shares homology with a number of

molecules implicated in inflammation, such as rpt~l (a known downreguiator of

inflammation). In view ofthe fact that FMF is a disease of excessive inflammation,

30 and that pyrin shares homology to a known downreguiator of inflammation, pyrin is

believed to be a negative autoregulatory molecule in PMNs.

RECTIFIED SHEET (RULE 91)

ISA/EP
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Homologies

Pyrin shares homology with a number of molecules implicated in

inflammation including 52 kd Ro/SS A ribonucleoprotein (patients with systemic

5 lupus erythematosus (SLE) and Sjogren's syndrome frequently make autoantibodies

against this ribonucleoprotein); Staf-50 (an interferon-inducible transcriptional

regulator; Tissot and Mechti, "Molecular cloning of a new interferon-induced factor

that represses human immunodeficiency virus type 1 long terminal repeat

expression," J. Biol. Chem. , 270:14891-14898 (1995)); and rpt-1 (a mouse

1 0 downregulator of IL-2; Patarca et aL, "rpt-1 , an intracellular protein from

helper/inducer T cells that regulates gene expression of interleukin 2 receptor and

human immunodeficiency virus type 1,*' Froc. Natl. Acad. Sci. USA , 85:2733-2737

(1988)).

The homology between pyrin and rpt-1 is found in a domain extending from

1 5 residues 385 - 550 on pyrin. Pyrin shows particularly high homology to many

proteins, including 50 kdRo/SS A and Staf-50, at the C-terminal end, the rfp (B30*2)

domain. Figure 6 shows the alignment of the C-terminal end ofhuman pyrin with

multiple sequences having statistical similarity as assessed by BLAST (Altschul et

al., supra). Search cutoffs used to identify homologs were a Karlin-Altschul score

20 oftwo aligned sequences ^ 70 with a probability ^ 10~3. At each position, residues

occurring in a majority of the sequences are shown in inverse type. The numbering

scheme at the top of the figure is based on the sequence of pyrin.

The B-box zinc finger and rfp (B30.2) domain combination observed in pyrin

is also seen in 52 kd Ro/SS A and ret finger protein. The spacing between the B-box

25 zinc finger and the rfp (B30.2) domain is highly conserved, suggesting that precise

orientation ofthe two domains with respect to one another may be required for

function.

Mutants

30 The inventors have also discovered missense mutations that are found in

individuals affected with FMF, but not found in any of a large panel ofnormal

control chromosomes. The missense mutations are clustered within about 40 to 50



WO 99/09169 PCT/US98/17255

8

amino acids (including residues 680 through 726) in the highly conserved rfp

(B30.2) globular domain. It is believed that the mutations affect the secondary

structure of this domain and result in a structural change that prevents the normal

pyrin-mediated negative feedback loop.

5 A first mutation associated with FMF is a G <3 C transversion at nucleotide

2040 which results in the substitution of isoleucine for methionine (M680I). A

second mutation is an AO G transition at nucleotide 2080 which results in the

substitution of valine for methionine (M694V). A third mutation isaT<3C

transition at nucleotide 2177 which results in the substitution of alanine for valine

10 (V726A). Additionally, the inventors have discovered a fourth mutation at position

695 which results in the substitution of Arginine for Lysine (K695R).

It is believed that phenotypic variation in FMF may be attributable to the

differences between mutations. For example, the M694V mutation is very common

in populations with the highest incidence of systemic amyloidosis (especially North

15 African Jews). On the other hand, V726A is seen in populations in which amyloid is

less common (Iraqi and Ashkenazi Jews, Druze and Armenians).

Figure 5 shows DNA sequence electropherograms, produced by amplifying

exon 10 genomic DNA and sequencing, which demonstrate the M680I, M694V, and

V726A substitutions. For each mutation, individuals who are homozygous for the

20 normal allele are shown at the top, heterozygotes between the normal and mutant

allele are shown in the middle, and homozygotes for the mutation are shown at the

bottom.

None of these mutations result in a truncated protein. This is consistent with

the periodic nature ofthe inflammatory attacks in FMF. Other diseases with

25 periodic episodes are associated with a protein that functions adequately at steady

state, but decompensates under stress, such as sickle cell anemia (Weatherall et aL,

"The hemoglobinopathies," In The Metabolic and Molecular Bases of Inherited

Disease , Scriver et al, eds., New York, McGraw-Hill, pp. 3417-3484 (1995) and

hyperkalemic periodic paralysis (Ptacek et al., "Identification of a mutation in the

30 gene causing hyperkalemic periodic paralysis " Cell , 67:1021-1027 (1991)).
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Diagnostic Methods

The sequences provided by this invention can be used in methods for

diagnosis of risk for developing FMF, As used herein, an individual is "at risk" for

developing FMF when the individual has a mutant MEFV nucleic acid sequence

5 which results in expression of mutant pyrin, particularly where the amino acid

mutation occurs in the highly conserved rfp (B30.2) C-terminal domain. Mutations

include substitutions of one nucleic acid with a different nucleic acid. In contrast, a

patient having wild type MEFV nucleic acid sequence expressing wild type pyrin is

not at risk for developing FMF. As used herein, "wild type" refers to a dominant

10 genotype which naturally occurs in the normal population (i.e., members of the

population not afflicted with familial Mediterranean fever). Thus, methods for

identifying an individual's specific nucleic acid or amino acid sequence are useful

for determining risk ofFMF. Specifically, a method for determining whether an

individual's nucleic acid sequence encodes a wild type or mutant pyrin is useful in

1 5 determining whether the individual is at risk for developing FMF.

Many methods for analysis of an individuals nucleic acid or amino acid

sequences are known to those of skill in the art, and include, for example, direct

sequencing, ARMS (amplification refractory mutation system), restriction

endonuclease assays, oligonucleotide hybridization techniques, and immunoassays.

20 While some commonly used procedures are exemplified below, the inventors are

aware that other methods are available and include them within the scope of their

invention.

Southern Blot Techniques

25 In Southern blot analysis, DNA is obtained from an individual and then

separated by gel electrophoresis. Following electrophoresis, the double stranded

DNA is converted to single stranded DNA, for example, by soaking the gel in

NaOH. The DNA is then transferred to a sheet of nitrocellulose. The DNA is then

contacted with a labeled probe. For example, labeled probe can be applied to the

30 nitrocellulose after it dries. As used herein, a "probe" is a nucleic acid sequence that

is complementary to the sequence of interest. The probe can be either a DNA

sequence or an RNA sequence. Preferably the probe is about 8 to 16 nucleotides in
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length. A radioactive label, such as
32P is an example of a suitable label. Other

suitable labels include fluorophores or an enzyme which catalyzes a color producing

reaction (e.g., horse radish peroxidase). Because the probe has complementary

sequence to the DNA sequence of interest, it will hybridize to the specific DNA

5 sequence. As used herein, "hybridize" means that the probe will form a double-

stranded molecule with the specific DNA sequence by complementary base pairing

under conditions of high stringency (e.g., 65°C; 0.1 x SSC; Sambrook et aL,

Molecular Cloning. A Laboratory Manual , Cold Spring Harbor, New York: Cold

Spring Harbor Press (1989)). After the probe is allowed to hybridize to the DNA,

1 0 excess probe is washed away. The hybridized DNA is easily visualized from the

labeled probe using known techniques. Hybridization ofthe probe indicates that the

sample DNA contains a sequence that is complementary to the labeled probe. In a

preferred method, hybridization probes are designed from the MEFV nucleic acid

sequences, and particularly, from the C-terminal MEFV sequence encoding the rfp

1 5 (B30.2) globular domain.

It is often desirable to amplify the sample DNA for more efficient analysis.

Polymerase chain reaction (PGR) can be used to amplify the DNA. PCR is a

technique that is well known to one of skill in the art. An exemplary method

includes developing oligonucleotide primers that hybridize to opposite strands of

20 DNA flanking the MEFV gene. As used herein, a "primer" is a short nucleotide

sequence which is complementary to a DNA sequence flanking the DNA sequence

of interest. Preferably the primer is about 15 to 20 nucleotides in length. The

specific fragment defined by the primers exponentially accumulates by repeated

cycles of denaturation, oligonucleotide primer annealing and primer extension. In a

25 preferred embodiment, the PCR primers amplify the region encoding the rfp (B30.2)

globular domain. The amplified domain can then be analyzed by hybridization or

screening techniques.

For example, oligonucleotide primers are developed to amplify MEFV> the

rfp (B30.2) domain, or a fragment thereof, such as the preferred 40 to 50 amino acid

30 fragment of the rfp (B30.2) domain discussed above. Suitable oligonucleotide

primers, such as "Exon 10A Forward and Reverse", "Exon 10B Forward and
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Reverse", and "Exon 10B Forward and Exon 10A Reverse", are shown in Example

1.

Northern Blot Techniques

5 The presence of a wild type or mutant RNA transcript may be determined by

Northern Blot Techniques, following a procedure similar to that outlined for the

Southern Blot Technique.

Western Blot Techniques

1 0 The presence of a wild type or mutant protein from the highly conserved C-

terminal rfp (B30.2) region can be detected by immunoassay, for example by

Western Blot Techniques. In this procedure, a tissue sample is obtained from an

individual and separated by gel electrophoresis. Following electrophoresis, the

proteins are then transferred to nitrocellulose. The proteins are then contacted with a

1 5 labeled probe, for example, by applying the labeled probe to the nitrocellulose after

it is dried* Suitable probes include labeled anti-pyrin antibodies, preferably those

antibodies specific for an epitope in the highly conserved C-terminal rfp (B30.2)

domain. Exemplary labels include radioactive isotopes, enzymes, fluorophores and

chromophores. Because it is believed that mutants in the highly conserved C-

20 terminal domain alter the secondary structure ofthe domain, an antibody specific for

the wild-type protein should not bind to or recognize a protein having a mutation in

this highly conserved region. Conversely, an antibody specific for a mutant protein

does not recognize or bind to the wild type. After excess antibody is rinsed away,

the presence ofthe specific protein/antibody complex is easily determined by known

25 methods, for example by development of the label attached to the anti-pyrin

antibody, or by the use of secondary antibodies.

Sequencing Techniques

Alternately, DNA, RNA or protein obtained from an individual can be

30 sequenced by known methods, and compared to the wild type sequence. Mutations

recognized in the sequence, particularly, in the rfp (B30.2) domain indicate risk for

developing FMF.
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ARMS

ARMS (amplification refractory mutation system) is a PCR based technique

in which an oligonucleotide primer that is complementary to either a normal allele or

5 mutant allele is used to amplify a DNA sample. In one variation of this method, a

pair of primers is used in which one primer is complementary to a known mutant

sequence. Ifthe DNA sample is amplified, the presence of the mutant sequence is

confirmed. Lack of amplification indicates that the mutant sequence is not present.

In a different variation, the primers are complementary to wild type sequences.

1 0 Amplification of the DNA sample, indicated that the DNA has the wild type

sequence complementary to the primers. If no amplification occurs, the DNA likely

contains a mutation at the sequence where hybridization should have occurred. A

description ofARMS can be found in Current Protocols in Human Genetics , Chapter

9.8, John Wiley & Sons, ed by Dracopoli et aL (1995).

15

Restriction Endonuclease Assays

Restriction endonuclease assays can also be used to screen a DNA sample for

mutants, such assays are used by Pras et al., "Mutations in the SLC3A1 transporter

gene in Cystinuria" Am. J. Hum. Genet. , 56:1297-1303 (1995). Briefly, a DNA

20 sample is amplified and then exposed to restriction endonucleases that will or will

not cleave the DNA depending on whether or not a mutation is present. After

cleavage, the size of restriction fragments are observed to determine whether or not

cleavage occurred.

25 Oligonucleotide Hybridization Techniques

Hybridization techniques, such as dot blots, are known to one of skill in the

art and can be used to determine whether a DNA sample contains a specific

sequence. In a dot blot, a DNA sample is denatured and exposed to a labeled probe

which is complementary for a wild type sequence or a mutant sequence.

30 Hybridization of a probe that is complementary to the wild type sequence (a "wild

type probe") indicates that the wild type sequence is present. If the wild type probe

does not hybridize to the DNA in the sample, the wild type sequence is not present.
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In a variation of this technique a probe that is complementary to a know mutant

sequence can be used. A discussion of allele specific oligonucleotide testing can be

found in Current Protocols in Human Genetics , Chapter 9.4, supra.

5 Immunological Assays

An immunological assay, such as an Enzyme Linked Immunoassay (ELISA),

can be used as a diagnostic tool to determine whether or not an individual is at risk

for developing FMF. One of skill in the art is familiar with the procedure for

performing an ELISA. Briefly, antibodies are generated against native or mutant

10 pyrin. This can be accomplished by administering a native or mutant protein to an

animal, such as a rabbit. The anti-pyrin antibodies are purified and screened to

determine specificity. In one representative example of an immunoassay, wells of a

microtiter plate are coated with the specific anti-pyrin antibodies. An aliquot of a

sample from a patient to be analyzed for pyrin is added in serial dilution to each

15 antibody coated well. The sample is then contacted with labeled anti-pyrin

antibodies. For example, labeled anti-pyrin antibodies, such as biotinylated anti-

pyrin antibodies, can be added to the microtiter plate as secondary antibodies.

Detection of the label is correlated with the specific pyrin antigen assayed. Other

examples of suitable secondary antibody labels include radioactive isotopes,

20 enzymes, fluorophores or chromophores. The presence of bound labeled

(biotinylated) antibody is determined by the interaction of the biotin with avidin

. coupled to peroxidase. The activity of the bound peroxidase is easily determined by

known methods.

25 Production of Pyrin

The nucleic acid sequence encoding wild type or mutant pyrin can be used to

produce pyrin in cells transformed with the sequence. For example, cells can be

transformed by known techniques with an expression vector containing v75~l cDNA

sequence operably linked to a functional promoter. Expression of pyrin in

30 transformed cells is useful in vitro to produce large amounts of the protein.

Expression in vivo is useful to provide the protein to pyrin-deficient cells. Examples

of suitable host cells include animal cells such as bacterial or yeast cells, for



WO 99/09169 PCTYUS98/17255

example, E. coli. Additionally, mammalian cells, such as Chinese hamster ovary

(CHO) cells can be used. Human cells, such as SW480 colorectal adenocarcinoma

can also be used as host cells.

Due to degeneracy ofthe genetic code, most amino acids are encoded by

5 more than one codon. Therefore, applicants recognize, and include within the scope

of the invention, variations of the sequence shown in SEQ ID NO: 1. For example,

codons in aDNA sequence encoding pyrin can be modified to reflect the optimal

codon frequencies observed in a specific host. Rare codons having a frequency of

less than about 20% in known sequences ofthe desired host are preferably replaced

1 0 with higher frequency codons.

Additional sequence modifications are known to enhance protein expression

in a cellular host. These include elimination of sequences including spurious

polyadenylation signals, exon/intron splice site signals, transposon-like repeats, and

other well characterized sequences which may be deleterious to gene expression.

1 5 The G-C content of a sequence may be adjusted to levels average for a given cellular

host, as calculated by reference to known genes expressed in the host cell. Where

possible, the sequence is modified to avoid predicted hairpin secondary mRNA

structures. The genomic sequence might additionally be modified by the removal of

introns.

20

Transgenic Animals

The nucleic acid sequences encoding pyrin, both wild-type and mutant,

provided in this application are useful for the development of transgenic animals

expressing pyrin. Such transgenic animals are used, for example, to screen

25 compounds for treating FMF or inflammation.

Useful variations of a transgenic animal are "knock out" or "knock in"

animals. In a "knock out" animal, a known gene sequence, such as the sequence

encoding pyrin, is deleted from the animal's genome. Experiments can be

performed on the animal to determine what effect the absence of the gene has on the

30 animal. In a "knock in" experiment, the wild type gene is deleted and a mutant

version or a gene from another organism is inserted therefore. Experiments can be

performed on the animal to determine the effects of this transition.
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Kits

The invention is also directed towards a kit for diagnosing risk ofFMF. A
suitable diagnostic kit includes a nucleic acid sequence encoding wild-type pyrin

5 and at least one nucleic acid sequence encoding mutant pyrin. An alternative kit

includes an anti-pyrin antibody which binds to wild-type pyrin and at least one anti-

pyrin antibody which binds to mutant pyrin. A kit also preferably contains at least

one pair of amplification primers capable of amplifying a nucleic acid sequence

encoding pyrin. Preferably, the primers amplify a nucleic acid sequence encoding a

10 rfp (B30.2) domain of pyrin.

The present invention may be better understood with reference to the

following examples. These examples are intended to be representative of specific

embodiments of the invention, and are not intended as limiting the scope of the

invention.

15

Examples

The DNA samples used in the following examples were extracted from

whole blood or from Epstein-Barr virus-transformed lymphocytes by standard

20 techniques. The DNA was obtained from forty-four families of non-Ashkenazi

Jewish descent (18 Moroccan, 14 Libyan, 5 Tunisian, 2 Egyptian and 5 Iraqi) and 5

Arab/Druze families (identified and sampled at the Chaim Sheba Medical Center in

Tel-Hashomer, Israel). Additionally, twelve Armenian families were recruited from

Cedars-Sinai Medical Center in Los Angeles. One Ashkenazi/Iraqi Jewish family

25 was also studied.

The diagnosis ofFMF in all families was according to established clinical

criteria (Sohar et aL, "Familial Mediterranean fever: a survey of 470 cases and

review of the literature," Am. J. Med. , 43:227-253 (1967)).
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Example 1. Positional Cloning

A positional cloning approach was used to clone a new cDNA (v75-l) from

5 the FMF candidate region on chromosome 16pl3.3. Mutational analysis indicates

the v75-l is the gene (designated MEFV) expressing pyrin, mutations of which are

associated with FMF disorder.

Publicly available polymorphic markers (discussed below) were used to

narrow the candidate region on chromosome 1 6p to an approximately 1 Mb interval

10 between D16S94 and D16S2622 (Sood et al. ? "Construction of a 1-Mb restriction

mapped cosmid contig containing the candidate region for the familial

Mediterranean fever locus (MEFV) on chromosome 16pl3.3," Genomics , 42:83-95

(1997)) lying between the polycystic kidney disease (PKD1) and tuberous sclerosis

(TSC2) genes on the telomeric end, and the CREB-binding protein (CREBBP) gene

15 on the centromeric end (see Figure 3). Because physical maps constructed around

these genes did not extend into the MEFV region, a contig was constructed which

spanned the candidate region.

Attempts to construct a mega YAC (yeast artificial chromosome) contig

spanning the MEFV candidate region were unsuccessful due to the instability of

20 YAC clones from this region of chromosome 16. Instead, a cosmid map was

assembled by iterative screening of a flow sited chromosome 16 specific cosmid

. library. D16S246 was the telomeric starting point of the chromosomal walk.

Identification of recombinants at D16S2622 enabled us to use this microsatellite

marker as the centromeric boundary (Sood et al.
? 1997, supra).

25 Observed recombinations of microsatellite markers in a panel of 61 families

defined a critical region of 285 kb (D16S468 - D16S3376).

By analysis of the genomic sequence from this region, two new

microsatellites, D16S3404 and D16S3405 (Figure 3B)> were found in the center of

the D16S3082 - D16S3373 interval. In one non-Ashkenazi Jewish family, evidence

30 of a historical recombination event between D16S3404 and Dl 6S3405 in the highly

conserved non-Ashkenazi Jewish haplotype (designated haplotype A) was observed.

Therefore, the region telomeric ofD16S3405 (and 4 candidate genes encoded
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therein) were excluded from further consideration. The discovery ofthe two new

microsatellites and the historical recombination event further refined of the

candidate interval to the centromeric-most 1 15 kb.

A combined strategy ofexon amplification, direct cDNA selection, and

5 single-pass sequencing led to the isolation of 9 full length cDNA clones. The

furthest centromeric cDNA clone, v75-l, was isolated by solution hybridization of a

leukocyte cDNA library with biotinylated oligonucleotide probes derived from two

exons trapped from PAC 273L24.

10 Exon Trapping

PAC (PI artificial chromosome) clone 273L24 (Genome Systems; St. Louis)

includes the centromeric-most 115 kb. Therefore, exon trapping was performed on

PAC clone 273L24. Exon trapping was performed essentially as described by

Buckler et ak, "Exon amplification: a strategy to isolate mammalian genes based on

15 RNA splicing/* Proc. Natl. Acad. ScL USA , 88:4005-4009 (1991). Essentially, PAC

clone 273L24 was partially digested with Sau 3AI (commercially available, for

example, from New England Biolabs). The reaction products were size fractionated

by agarose gel electrophoresis and DNA fragments 2 kb and larger were isolated

from the gel. Fifty ng of partially digested DNA was ligated with 10 ng of exon

20 trapping vector pSPL3 (Exon Trapping System; Life Technologies, Gaithersburg,

MD) that had been previously cleaved with Bam HI (commercially available) and

dephosphorylated with calf intestinal alkaline phosphatase (Promega, Madison, WI),

Ligation products were electroporated into E. coli DH12B (Life Technologies,

Gaithersburg, MD) The electroporated cells were cultured en mass in LB broth with

25 200 mg/ml ampicillin for 1 6 hours at 37° C with shaking.

DNA prepared from the culture was used to transfect COS-7 cells (ATCC

30-2002) using lipofectACE reagent (Life Technologies, Gaithersburg, MD). Total

RNA was isolated from transfected COS-7 cells with Trizol reagent (Life

Technologies) followed by ethanol precipitation.

30 First strand cDNAs of transcription products from pSPL3 were primed with

the oligonucleotide SA2 (Exon Trapping System; Life Technologies, Gaithersburg,

MD), Specific amplification oftrapped exons was as follows: PCR primed with
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oligonucleotides SA2 and SD6 (Exon Trapping System; Life Technologies,

Gaithersburg, MD) was performed, followed by digestion of the PGR products with

Bst XI (commercially available).

A second PCR reaction using the digestion products was primed with

5 oligonucleotides dUSD2 and dUSA4 (Exon Trapping System; Life Technologies,

Gaithersburg, MD). The resulting DNA fragments were cloned into pAMP10 vector

(Exon Trapping System; Life Technologies, Gaithersburg, MD) and sequenced.

Two hundred clones were sequenced and 20 independent exons were identified by

visual inspection and hybridization to DNA fragments from the FMF critical region,

10 with several exons identified more than one time.

Oligonucleotides for Exon Amplification

Oligonucleotides used to amplify pyrin exons were as follows (all oligo

"sequences are given y to 3'):

Exon 1 forward, AAffi CTG CCT TTT CTT GCT CA; [SEQ ID NO: 6]

Exon 1 reverse, CACITCA GCA CTG GAT GAG GA; [SEQ ID NO:7]

Exon 2A forward, ATC ATT TTG CAT CTG GTT GTC CTT CC; [SEQ ID NO:8]

Exon 2A reverse, TCCfCCT GTA GAA ATG GTG ACC TCA AG; [SEQ ID

NO:91 I

t.

20 Exon 2B forward, GGOi CGG GAG GGG GCT GTC GAG GAA GC; [SEQ ID

NO: 10]
\

Exon 2B reverse, TCG TGC CCG GCC AGC CAT TCT TTC TC; [SEQ ID

NO:ll]
\

Exon 3 forward, TGA GAA CTC GCA CAT CTC AGG C; [SEQ ID NO: 12]

25 Exon 3 reverse, AAG GC^ CAG TGT GTC CAA GTG C; [SEQ ID NO: 13]

Exon 4 forward, TTG GCA CCA GCT AAA GAT GGC; [SEQ ID NO: 14]

Exon 4 reverse, TCT CCC TCT ACA GGG ATG AGC; [SEQ ID NO: 15]

Exon 5 forward, TAT CGCCTC CTG CTC TGG AAT C; [SEQ ID NO: 16]

Exon 5 reverse, CAC TGT QGG TCA CCA AGA CCA AG; [SEQ ID NO: 17]

30 Exon 6 forward, TCC AGG AjGC CCA GAA GTA GAG; [SEQ ID NO: 18]

Exon 6 reverse, TTC TCC C?A TCA AAT CCA GAG; [SEQ ID NO: 19]

\

Exon 7 forward, AGA ATG TAG TTC ATT TCC AGC; [SEQ ID NO: 20]

Exon 7 reverse, CAT TTC TGa\.ACG CAG GGT TT; [SEQ ID NO: 21]

35 Exon 8/9 forward, ACC TAA CTC CAG CTT CTC TCT GC; [SEQ ID NO: 22]

RECTIFIED SHEET (RULE 91)
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Exon 8/9 reverse, AGT TC¥ TCT GGA ACG TGG TAG; [SEQ ID NO: 23]

Exon 10A forward, CCA GAA GAA CTA CCC TGT CCC; [SEQ ID NO: 24]

Exon 10A reverse, AGA GCA GCT GGC GAA TGT AT; [SEQ ID NO: 25]

Exon 10B forward, GAG GTffi GAG GTT GGA GAC AA; [SEQ ID NO: 26]

5 Exon 10B reverse, TCC TCC TCT GAA ATC CAT GG. [SEQ ID NO: 27]

Direct cDNA selection

Direct cDNA selection was used to isolate 2 full-length cDNA clones

(Parimoo et aL, "cDNA selection: efficient PGR approach for the selection of

10 cDNAs encoded in large chromosomal DNA fragments," Proc. Natl. Acad. Sci.

USA . 88:9623-9627 (1991). Cosmids, BAC (bacterial artificial chromosome) and

PI clones in the FMF candidate region were biotinylated using BioPrime (Life

Technologies, Gaithersburg, MD). cDNAs were prepared from combined mRNA
from fetal brain, fetal liver, and human lymph node by reverse transcription and

1 5 ligation of an EcoRI/NotI adaptor to second strand cDNAs.

cDNAs were directly hybridized to biotinylated templates which were

recovered using streptavidin-labeled magnetic beads. Conditions for blocking,

hybridization, binding and elution ofcDNAs from magnetic beads (Dynal) were as

described by Parimoo et al., supra. After two rounds of selection, eluted cDNAs

20 were amplified with CUA-tailed EcoRI/NotI adaptor primers and subcloned into the

pAMPIO vector (Life Technologies, Gaithersburg, MD) to yield libraries of selected

cDNAs.

Recombinant clones were arrayed on blots. Clones that hybridized to either

repetitive or ribosomai sequences were excluded from further analysis. To confirm

25 their origin, unique clones were individually hybridized to EcoRI digests of

cosmid/BAC/PI DNAs and DNAs from chromosome 16-specific human-hamster

hybrid lines. Clones were then hybridized to each other and were binned into

groups. Representative clones of each group were hybridized to multiple tissue

Northern blots and sequenced.

30 cDNA Identification bv Solution Hybridization

Following the protocol provided in the Gene Trapper kit, the furthest

centromeric cDNA, clone v75-l, was isolated by solution hybridization of a

leukocyte cDNA library with biotinylated oligonucleotide probes derived from 2

exons trapped from PAC 273L24. Solution hybridization was carried out using the

RECTIFIED SHEET (RULE 91)
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GeneTrapper cDNA Positive Selection System (Life Technologies, Gaithersburg,

MD).

Two trapped exons, v66 and v75, were used as starting material. PCR

screening of Superscript cDNA libraries (Life Technologies, Gaithersburg, MD)

derived from human brain, liver, leukocytes, spleen, and testis were used to

determine the tissue-specific expression of these exons. GeneTrapper experiments

were performed with sense and antisense primers from both exons, assuming both

orientations ofthese exons in the putative transcript.

The following oligonucleotides were synthesized and PAGE-purified:

v66GTl : AAG CTC AQT GCC TTC TCC TC; [SEQ ID NO: 28]

v66GT2: GAG GAG AMj GCA GTG AGC TT; [SEQ ID NO: 29]

v75GTl : GAC TTG GAA ACA AGT GGG AG; [SEQ ID NO: 30]

v75GT2: CTC CCA CTTuTT TCC AAG TC. [SEQ ID NO: 31]

Oligos were biotinylated, hybridized to single-stranded DNA from the

1 5 leukocyte cDNA library (one primer per reaction), followed by cDNA capture using

paramagnetic streptavidin beads and repair using the corresponding non-biotinylated

oligos. Colony hybridization of lifts using 32p-dCTP end-labeled oligos was used

to identify positive clones. Gel-purified inserts from these clones were hybridized to

cosmid contig blots in order to distinguish cDNA clones mapping to the FMF region

20 from false positive clones due to homologous domains. All positive clones were

identified by the primers v66GT2 and v75GT2 ?
and no clones were identified by the

other set of primers.

Characterization of cDNA v75—l

25 The translated v75-l cDNA sequence is shown in Figure 2. The exon-

intron structure deduced from the genomic sequence oftwo cosmids is depicted in

Figure

RECTIFIED SHEET (RULE 91)
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3C. Shaded boxes represent exons; introns are drawn to scale. The numbers above

the boxes represent the size of the exons in bp. The numbers below the boxes reflect

the order ofthe exons with 1 being the most 5'.

Although there is an excellent Kozak consensus (Kozak, supra) at the initial

5 methionine, the reading frame remains open in the cDNA upstream. There are no

splice-acceptor consensus sequences or in-frame methionines with good Kozak

sequences before the first stop upstream in the genomic DNA. Additionally, the

transcript size by Northern blot is 3.7 kb. The estimated transcript size from cDNA

is 3503 nucleotides. Therefore, the sequence appears to be the full-length sequence.

10

Example 2. mutational analysis

Three different v75-l mutants ofFMF carrier chromosomes in multiple

ethnic groups are not seen in a panel of almost 300 normal control chromosomes.

15 This indicates that v75-l is a cDNA ofMEFV, the gene associated with FMF.

Three missWse mutations were identified in exon 10 of v75-l (Figure 5)

after screening a total of 165 individuals from 65 families. All three mutations are

clustered within 46 amino acids of one another in the highly conserved rfp (B30.2)

globular domain at the\C-termmal end ofthe predicted protein. The first mutation, is

20 aG<3C transversion qt nucleotide 2040 in which methionine is replaced by

isoleucine (M680I). This mutation was observed in the homozygous state in the

affected offspring of a single Armenian family. The second mutation is a AO G

transition at nucleotide 2080 in which methionine is replaced by valine (M694V).

This was observed in a large number of affected individuals bearing four apparently

25 distinct disease associated haplotypes. The third mutation is a TO C transition at

nucleotide 2177 which substitutes alanine for valine (V726A). It was observed in

affected individuals bearing the C haplotype in a Druze family and in other FMF

patients and carriers bearing this haplotype. An additional mutation in which lysing

is replaced by arginine at position 695 (K695R) was observed in an American FMF

30 patient ofNorthern European ancestry.

Direct sequencing ofRT-PCR products or amplified exons from the 8

cDNAs telomeric to v75-l failed to identify disease-associated mutations.
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It is extremely unlikely that the substitutions in v75~l are actually

polymorphisms in tight linkage disequilibrium with "real" mutations on a nearby

gene. This hypothesis would require that there be 3 such v75-l polymorphisms on 3

different haplotypes, each in perfect linkage disequilibrium with the mutations on

5 the "real" FMF gene. While not impossible, such a scenario is at least unnecessarily

complex. It is also unclear where such a closely linked gene would be located. The

historical recombinants at the 5' (centromeric) end of v75-l exclude the interval

between D16S3373 and v75— 1 . On the telomeric side, the 5' end of a novel zinc

finger gene is located within 10 kb of the V end of v75— 1, but thorough screening

10 has revealed no mutations in this later gene (data not shown). Moreover, there are

no trapped exons, direct selected cDNAs or expressed sequence tag (EST) hits that

map to the interval between them. Finally, and most importantly, the observation of

normal chromosomes that bear disease-associated microsatellite and SNP

haplotypes but do not have the M680I, M694V or V726A mutations is strong

1 5 evidence that these are not just haplotype-specific polymorphisms.

Mutation Detection by Fluorescent Sequencing

The entire coding region was sequenced, plus splice cites, in individuals

representing seven microsatellite haplotypes. Approximately 100 ng of genomic

20 DNA template was used in PCR reactions to amplify exons and flanking intronic

sequences according to the supplier's recommendations for AmpliTaq Gold (Perkin

Elmer, Branchburg, NJ) and Advantage-GC Genomic PCR Kit (Clontech, Palo

Alto, CA). %

;| The PCR primers were tailed with one of the following sequences:

25°^1M13 forward: GTA AAA CGA CGG CCA GT; [SEQ ID NO: 32]

-28 M13 reverse: CAG GAA ACA GCT ATG ACC AT; [SEQ ID NO: 33]

-40 Ml 3 forward: GTT TTC1CCA GTC ACG ACG, [SEQ ID NO: 34]

After amplification, reactions were run on 1% agarose gels and gel purified

using either QIAquick gel extraction kit (QIAGEN, Santa Clarita, CA) or

30 Microcon/Micropure/Gel Nebulizer system (Amicon, Beverly, MA). Alternatively,

PCR products were column purified with Microcon-100 (Amicon). Purified

amplicons were sequenced with dye primer chemistry (PE Applied Biosystems, or
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Amersham, Cleveland, OH). Sequencing reactions were ethanol precipitated and run

on an ABI 377 automatated sequencer. Sequence data were analyzed with either

Autoassembler 1.4 (PE Applied Biosystems, Branchburg, NJ) or Sequencher 3.0

(Gene Codes Inc., Ann Arbor, MI).

5

Example 3* Protein Modeling

The deduced amino acid sequence was examined. Two overlapping nuclear

targeting signals were detected using the PSORT algorithm (Nakai and Kanehisa, "A

10 knowledge base for predicting protein localization sites in eukaryotic cells,"

Genomics , 14:897-91 1 (1992). The first nuclear targeting signal is a four residue

pattern composed of a histidine and three lysines. The second is a Robbins/Dingwall

consensus (Robbins et al., "Two interdependent basic domains in nucleoplasmin

nuclear targeting sequence: identification of a class of bipartite nuclear targeting

15 sequence," Cell , 615-523 (1991). A bZIP transcription factor basic domain (Shuman

et aL 5 "Evidence of changes in protease sensitivity and subunit exchange rate on

DNA binding by C/EBP, Science , 249:771-774 (1990) was identified using a

PROSITE search (Bairoch et al, "The PROSITE database, its status in 1997,"

Nucleic Acid Res, , 25:217-221 (1997)). The spacing of cystine and histidine

20 residues between residues 375 and 407 (denoted by plus signs in Figure 2) resembles

a B-box type zinc finger domain (Reddy et al., "A novel zinc finger coiled-coil

domain in a family of nuclear proteins," Trends Biochem. Sci , 17:344-345 (1992)).

25 Example 4. localizing expression of the protein

The tissues in which v75-l is expressed are highly consistent with the

clinical phenotype for FMF. Based on the nature ofthe inflammatory infiltrate and

the anatomic localization of inflammation in FMF, MEFV gene expression might be

30 predicted to be observed in granulocytes and/or serosal cells. Multiple tissue

northern blots demonstrated high levels of expression in peripheral blood
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leukocytes, primarily in mature granulocytes, but not in lymph nodes, spleen or

thymus which are comprised largely of lymphocytes.

Figure 4 shows the expression profile for the v75-l gene. Figure 4A shows

the results of hybridization ofa probe derived from exon 2 on multiple tissue

5 Northern blots. A 3.7 kb transcript was found in peripheral blood leukocytes (PBL)

and colorectal adenocarcinoma (SW480). The presence of the transcript in

peripheral blood leukocytes compare favorably with the symptoms associated with

FMF. The detection of the 3.7 transcript in colorectal adenocarcinoma is

unexplained.

10 Figure 4B shows hybridization of the same exon 2 probe on Northern blots

withmRNA from purified Polymorphonuclear leukocytes (PMNs) and lymphocytes.

PMN lanes represent preparations from different individuals. A p-actin control can

be seen at the base of the gel.

The following abbreviations were used in Figure 4: HL-60 (promyelocytic

15 leukemia); K-562 (erythroleukemia); MOLT4 (lymphoblastic leukemia); A549 (lung

carcinoma); and G361 (melanoma).

Northern Blot Analysis

To determine transcript size and level of expression in various tissues,

20 multiple tissue Northern blots (Clontech) were hybridized with probes derived from

various exons ofthe gene. These exons were amplified and purified as part ofthe

sequencing protocol for mutation analysis. Larger exons (2, 5, and 10) were labeled

by random-priming using Stratagene Prime-It Kit and 32p-dCTP (ICN).

Hybridization and washing of blots were essentially as described in Sambrook et al.,

25 Molecular Cloning. A Laboratory Manual , Cold Spring Harbor, New York: Cold

Spring Harbor Press (1989), except using Hybridisol I (Oncor) prepared

hybridization buffer. Hybridization was detected by autoradiography, with 4 hour

exposures. Northern blots with mRNA from highly purified peripheral blood

lymphocytes, PMNs, and monocytes were the kind gift of Drs. H. Lee Tiffany and

30 Harry Malech.
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Example 5. Homologies to other proteins

Figure 6 shows the alignment ofthe rfp (B30.2) domain of pyrin with

5 homologous proteins. The following abbreviations are used in Figure 6: hum-RFP

(RET finger protein; SWISS-PROT P14373); xla-xnf7 (nuclear phosphoprotein

xnf7, Xenopus laevis; PIR A43906); pwa-A33 (zinc-binding protein A3 3,

Pleurodeles waltl; SWISS-PROT Q02084); hum-SS-A/Ro (52 kDa RO protein;

SWISS-PROT PI 9474); hum-afp (acid finger protein; GenBank U09825); hum-BT

10 (butyrophilin; GenBank U90552); hum-efp (estrogen-responsive finger protein; PIR

A49656); hum-B30-2 (B30-2 gene; PRF 2002339); pig-RFB30 (ring finger protein

RFB30, Sus scrofa; EMBL Z97403); hum-Staf-50 (transcription regulator Staf-50;

IRA57041).

The invention has been described with reference to various specific and

1 5 preferred embodiments and techniques. However, it should be understood that many

variations and modifications may be made while remaining within the spirit and

scope of the invention. All publications in this specification are indicative ofthe

level of ordinary skill in the art to which this invention pertains. All publications

and patent applications are herein incorporated by reference to the same extent as if

20 each individual publication or patent application was specifically and individually

indicated by reference.


